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Objective: To assess whether intravascular ultrasound (IVUS), used systematically in a series of patients with abdominal 
aortic aneurysms (AAA), is a feasible control procedure to ensure correct transfemoral placement of endovascular stent 
grafts (TPEG). 
Design: Descriptive study. 
Materials and methods: Fourteen patients with infrarenal aortic aneurysms were treated by the placement of one tube 
graft, 10 aorto-uni-iliac and three aorto-bi-iliac grafts. Arteriography and IVUS were performed before, during and after 
deployment of the graft to ensure correct placement in relation to side branches, and proper adaptation of the stents to 
the aortic wall. Postoperative CT-scan and arteriography served as control procedures. 
Results: IVUS identified both renal arteries before graft deployment in eight of 13 (62%) patients. In the remaining 
patients only one renal artery was visualised due to interference from guidewires or the introducer system. Imaging 
during stent deployment was abandoned after IVUS catheter damage in two of three cases. Postprocedural IVUS was 
able to evaluate the expansion of the stents and the adaptation to the aortic wall in all instances. In four (29%) cases a 
leak was identified. Additional intervention i cluded eployment ofa further stent (n = 2) or redilation (n = 2). Covering 
of the renal arteries could only be indirectly determined by IVUS. 
Conclusion: IVUS can provide important decisive information before and after stented graft deployment, with the 
limitations that guidewires, introducer system and stents may cause interference. Contemporary IVUS designs are 
unsuitable for monitoring stent deployment. 
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Introduction 
The technique of endovascular stent grafts for ex- 
cluding infrarenal aortic aneurysms from the cir- 
culation is rapidly evolving. It is crucial to deploy the 
stents at the correct position, and to expand the stents 
to the correct size in order to prevent leakage into 
the aneurysm or migration of the graft. 1~ Successful 
deployment is highly dependent on adequate imaging. 
Arteriography and fluoroscopy are routinely used to 
guide interventional procedures, but they only rep- 
resent a two dimensional view of the vessel umen. 
Though additional information may be obtained by 
* Please address all correspondence to: Katja C. Vogt, MD, De- 
partment of Vascular Surgery, RK 3111, Rigshospitalet, University 
of Copenhagen, Blegdamsvej 9,DK-2100 Copenhagen, Denmark. 
oblique or lateral projections, true axial imaging is 
not possible. Intravascular ultrasound (IVUS) enables 
cross-sectional images of blood vessels and has been 
shown to provide precise delineation of vessel wall 
morphology and lumen. 5 IVUS has been shown to 
be useful both experimentally 6 and clinically 7'8 for 
providing completion assessment of angioplasty pro- 
cedures and for intravascular stent deployment. 9'1° It 
has been stated 11'12 that IVUS is a powerful imaging 
modality, particularly relevant to endovascular 
grafting. IVUS may help select the appropriate graft 
size and determine the position and full expansion of 
the anchoring stent, as well as confirm the proper 
alignment of the graft. However, only experi- 
mental 11'~3 and a few clinical papers 4'12 have reported 
on this particular application. We therefore undertook 
a systematic study comparing fluoroscopy with IVUS 
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before, during and after endovascular stent graft de- 
ployment in a series of patients who underwent tran- 
sfemoral placement of endovascular grafts (TPEG) for 
abdominal aortic aneurysm (AAA). 
Materials and Methods 
Materials 
From January 1995 to February 1996 TPEG was con- 
trolled by IVUS in 14 patients (one woman, 13 men; 
aged 61-83 years) with infrarenal aortic aneurysms. 
The median diameter of the aneurysms was 56 mm 
(range 48-80 ram). The length of the proximal neck 
distance from the most caudal renal artery to the 
beginning of the aneurysm was 20 mm (9-35 mm) and 
the diameter of the neck 25mm (21-29mm). One 
tubegraft, three aorto-bi-iliac (Chuter device) and 10 
aorto-uni-iliac (Malm6 device) grafts were inserted. 
The stent graft consisted of a proximal self-expandable 
Z-stent (Gianturco stent, 50 x 25 ram, Cook Europe, 
Bjaeverskov, Denmark) with hooks and barbs attached 
by sutures to an ironed Cooley very soft Dacron ® 
graft (Boston Scientific, Boston, U.S.A.) and a distal 
Gianturco stent without hooks and barbs. The de- 
ployment of the aorto-uni-iliac grafts was sup- 
plemented with a femoro-femoral crossover bypass 
graft. 
Methods 
All patients had a general anaesthetic and epidural 
analgesia. Both groins were incised and the femoral 
arteries exposed. On one side a guidewire was in- 
troduced through tile femoral artery, over which 
the catheter was passed. Angiography using a flu- 
roscopy unit (Siremobil 2000, Siemens, Mtinchen, Ger- 
many) was then performed in order to precisely 
localise the renal arteries. Through an introducer 
sheath (Cook Europe, Bjaeverskov, Denmark) the pre- 
mounted stentgraft was then inserted and the proximal 
Gianturco stent partially deployed. The position in 
relation to the renal arteries was checked by angio- 
graphy. After full deployment, repeat angiography 
was performed in order to detect any leakage as well 
as the patency of the renal arteries. 
IVUS was performed using a 20 MHz transducer 
mounted in the tip of a 8 F catheter (CVIS Cardio- 
vascular Imaging Systems Inc., Sunnyvale, CA, U.S.A.) 
and trans-sectional images were displayed on a mon- 
itor and stored on a SVHS videorecorder. The catheter 
Table 1. The ability of IVUS to locate the renal vein and arteries 
before ndograft deployment. 
Patient Left renal vein Right renal Left renal artery 
artery 
1 + + -- 
2 + + -- 
3 + + + 
4 + + + 
5 + + + 
6 + + + 
7 + - + 
8 + + + 
9 + + + 
10 + + + 
11 + + - 
12 + + - 
13' 
14 + + + 
Total 13 12 9 
* No IVUS performed preprocedural due to severe stenosis of the 
iliac artery contralateraI to the side where the graft was introduced. 
was introduced through a sheath over a guidewire 
(0.025") into the femoral artery on the contralateral 
side from the introducer system with the graft. Before 
the deployment the location of the renal arteries and 
the left renal vein were determined by noting the 
position of the catheter tip on flouroscopy in relation 
to a radiopaque ruler. In the first three patients we 
placed the IVUS catheter between the proximal stent 
and the arterial wall, while the stent was half ex- 
panded, in order to control the position during ex- 
pansion. This procedure was abandoned because the 
IVUS catheter was damaged by the hooks of the stent, 
preventing further imaging, in two of three patients. 
After the deployment of the graft the catheter was 
introduced into the graft through the ipsilateral fem- 
oral artery, and the expansion and adaptation of both 
the distal and the proximal stents were evaluated, as 
were the position of the proximal stent in relation to 
the renal arteries. In the bifurcated grafts only the 
ipsilateral iliac stent was visualised. 
Postoperatively the patients were imaged by com- 
puted tomography (CT) scanning and angiography 
after 1 and 6 months. 
Results 
Preprocedural IVUS was performed in 13 of the 14 
cases (Table 1). One patient had a severe stenosis in 
the contralateral iliac artery wh ich  prevented in- 
troduction of the catheter. In the other patients IVUS 
was able to identify and define the position of the left 
renal vein in all cases. The right renal artery was 
localised in 12 (92%) patients, the left only in nine 
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Fig. 1. 1VUS image of the aorta t the level of the renal arteries 
(1 = left, r = right) and the renal vein (v). The transducer (t) is seen 
as the black spot in the left side of the lumen (lu). 
(69%) patients. Both renal arteries were visualised in 
eight (62%) of the cases (Fig. 1). Failure to visualise a 
renal artery (n = 5) was due to interference from ad- 
jacent guidewires or introducers. 
In the first three patients we tried to visualise the 
proximal stent during the expansion in order to secure 
the position in relation to the renal arteries. Due to 
massive shadowing from the half expanded stent only 
a segment of the aortic wall could be visualised, and 
as a consequence only one of the renal arteries was 
detected. Furthermore, in two of the three cases the 
hooks from the Gianturco stents damaged the catheter 
tip, preventing further imaging. We therefore decided 
not to use IVUS during the deployment in the re- 
maining patients. In one of the three cases we in- 
troduced a 10 MHz IVUS catheter in the vena cava, 
but imaging of the aorta from this position was not 
possible. 
After deployment of the endografts the position of 
the proximal and distal stents and their adaptation to 
the aortic- and iliac arterial wall were evaluated in 12 
cases. Damage to the IVUS catheter in two instances 
mentioned above precluded postprocedural imaging. 
The results are shown in Table 2. The left renal vein 
could be identified in all 12 (100%) cases, while both 
renal arteries could only be identified and related to 
the proximal stent in eight (67%) cases. In the re- 
maining four cases only one of the renal arteries was 
visualised. In three cases this was due to the stent 
position at the level of the renal artery orifice confirmed 
by postoperative CT-scanning. In the last patient, in- 
terference from a guidewire prevented the detection 
of the right renal artery. 
All distal stents were well expanded (Fig. 2) whereas 
in four cases the expansion of the proximal stent was 
Table 2. The ability of IVUS to locate the renal vein and arteries 
after endograft deployment. 
Patient Left renal vein Right renal Left renal artery 
artery 
2 + + + 
3* 
4 + + + 
5 + - + 
6 + + + 
7 + - + 
8 + - + 
9 + + + 
i0 + + + 
11 + + - 
12 + + + 
13 + + + 
14 + + + 
Total 12 9 11 
* No IVUS performed postprocedural due to damaging of the 
catheter during deployment of the proximal stent. 
Fig. 2. IVUS image of well expanded stent (s). There is no gap 
between the stent struts and theiliac wall (w). The transducer (t) 
is seen in the middle of the lumen (1). 
incomplete, leaving a gap between the aortic wall and 
the stent (Fig. 3). These findings were confirmed by 
arteriography in all cases. Additional intervention res- 
ulted in redilatation of the stent (n = 2) or deployment 
of a supplemental stent (n = 2). No other intraoperative 
leakage among these 12 patients was revealed by 
arteriography. Of the two patients who were not con- 
trolled by IVUS after the graft placement, one had an 
extension graft inserted proximally, and one had open 
ligation of the common iliac artery performed ue to 
distal leakage. 
IVUS was additionally used in determining the 
cause of two specific problems. In one patient a kink 
of the proximal part of the graft had occurred and 
with IVUS it was possible to show it produced a 
greater than 50% luminal area reduction. A Wall stent 
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Fig. 3. IVUS image of the aorta at the level of the renal vein (v). 
The transducer (t) is seen in the lower left part of the lumen (1). The 
stent (s) can be seen as the small echogenic areas. There is a gap 
(g) between the stent and the aortic wall(w) in the right part of the 
aorta. 
was deployed, which straightened out the graft. In 
another patient a rupture of the iliac artery occurred 
after balloon angioplasty, and an ilio-femoral bypass 
was performed. The flow was not satisfactory after 
the insertion of the graft, and IVUS examination dem- 
onstrated a stenosis at the proximal anastomosis. This 
was dilated with a balloon and IVUS showed that the 
stenosis had diminished. Angiography did visualise 
the kink and the stenosis, but could not reveal the 
cause or the severity of the problems. 
There were no complications related to the IVUS 
procedure. There were four perioperative mortalities 
all due to myocardial infarction. Three of the patients 
had severe ischaemic heart disease, which precluded 
open surgery. Unfortunately, two of these three 
patients had their operation converted to open re- 
troperitoneal iliac artery surgery due to distal back- 
bleeding. The third patient died 3 weeks 
postoperatively at home. The last patient who died did 
not have recognised heart disease and was converted to 
open surgery due to the previously mentioned rupture 
of the external iliac artery. 
Discussion 
Problems in relation to deployment of endovascular 
stented grafts are common, especially in the learning 
phase. The success of the intervention is dependent 
upon correct deployment of the graft in order to 
prevent leakage into the aneurysm, migration of the 
graft, and in order to maintain patency of the renal 
arteries. 14 
The present study is, to our knowledge, the first 
series in which IVUS together with angiography was 
used systematically throughout he procedure. Our 
preliminary experience from these 14 patients is that 
IVUS easily visualises all sidebranches as long as no 
other device has been introduced into the neck of 
the aneurysm. Shadowing from guidewires or the 
introducer system was the limiting factor. The- 
oretically, in cases where angiography does not reveal 
the exact location of the renal artery, e.g. the artery is 
tortuous or the orifice is situated in a plane not visu- 
alised by angiography, IVUS may help locate the os- 
tium. 
Damage to the catheter during deployment is not 
acceptable. It may be possible to image from a brachial 
approach allowing scanning to be performed from the 
centre of the stent whilst being expanded. White et al. 
have a conducted an experimental study with an IVUS 
catheter passed through the central lumen of a balloon 
catheter used for expansion of a stented graft in a 
canine aortic aneurysm model. 11 They were able to 
identify side branches before the deployment and 
identify incomplete xpansion of the stent, not ap- 
parent on angiography, which could be corrected by 
further balloon dilatation. Presently our system does 
not have space for the catheter inside the introducer 
system. 
The real advantage of IVUS is probably to check the 
expansion and adaptation f the stent after deployment 
of the device. Perigraft leaks remain a problem and 
may be missed by angiography. Rozenblit et al. 2 de- 
tected four perigraft leaks in seven patients when 
performing helical CT scans 24--48 h after graft de- 
ployment. Only one of these leaks was detected by 
intraoperative arteriography. The disadvantage of the 
CT-scan is that it cannot be performed intraoperatively, 
in contrast o the IVUS examination. In the present 
study we were able to detect perigraft channels due 
to incomplete xpansion of the proximal stent in four 
cases. However, all four endoleaks were also detected 
by arteriography. This is in accordance with the study 
of Bolz et al., 14 who did not find that IVUS provided 
additional information to angiography. However, they 
only discovered one poorly expanded stent. In our 
study the IVUS images supplemented the ar- 
teriography with detailed information as to the size 
of the perigraft channel, and the expansion of the stent. 
It was therefore possible to determine the reason for 
the non-optimal adaptation, i.e. whether it was due 
to incomplete stent expansion, treatable by balloon 
dilatation, or whether it was due to malpositioning. 
Gronningsaeter t  aI. 15 describe artefacts during IVUS 
imaging such as shadowing, transducer-stent and 
stent-filament reverberations, which they believe rep- 
resent a considerable problem in the evaluation of 
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the stent-wall contact. It is probably true that minor 
perigraft leakages can be hidden behind these artefacts; 
however, the stent struts of Wall stents or Palmaz 
stents, used in their in vitro study, are more numerous 
than the Gianturco stents, where the artefacts do not 
prevent visualisation of the vessel wall. 
Finally, the position of the graft in relation to the 
renal arteries is a crucial point. In our system the 
proximal stents are only partly covered by graft ma- 
terial. In selected cases we have placed the stent across 
the renal arteries. Earlier animal studies have shown 
that arteries remain patent even if covered by a stent. I6 
In our patients this has been true for a median follow- 
up of 6 months .  17 In the present study three renal 
arteries were covered by part of the stent, as confirmed 
by postoperative CT-scan and arteriography. IVUS 
could only indicate this, by not being able to visualise 
one of the renal arteries, which probably was due to 
shadowing from the stents. However, this indirect 
approach cannot determine whether it is the graft 
covered or the free part of the stent covering the renal 
artery. Furthermore, artefacts or poor image quality 
could also be responsible for the inability to visualise 
the renal arteries. 
Two of the patients in this study had special prob- 
lems associated with the deployment of the graft. One 
had a kink of the graft, and one poor outflow in one 
of the iliac arteries. IVUS was able to identify the 
nature of the problem in both cases, and evaluate the 
result after further intervention. 
Conclusion 
IVUS can provide important information before and 
after stented graft deployment with the limitations 
that guidewires, introducer system and stents may 
cause interference. IVUS, in the present setting, is 
unsuitable for monitoring stent deployment. 
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